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This study is aimed at determining the viscosity of Sumbawa 
honey. The sample used was produced by the Apis Dorsata 
species of honeybees, having three different types of 
concentrations: 10%, 20% and 30%, respectively. The test 
sample solution was at a temperature of 23.3 ± 0.5 oC. The 
viscosity value was determined using the corrected vertical 
spherical oscillation method. The results of this study 
identified a tendency for increased viscosity to the 
concentration of honey solution, which has been determined 
by extrapolating the equation of the linear regression. The 
relationship of concentration to true viscosity satisfies the 
equation y = 0.0199x + 0.0160. Furthermore, the Sumbawa 






Indonesia is one of the countries with diversified flora and fauna [1]. Bee produces honey with various 
benefits, and as a natural biological product [2] [3] [4], several researches have confirmed that it is 
beneficial in the health and food industries [4] [5] [6] [7] [8] [9] [10] [11] since the existence of ancient 
cultures [11] [12] [13]. Therefore, honey has its own place in the world of traditional medicine [14].  
 
Consumption of honey is generally in pure form. However, various forms have been widely marketed 
with increased knowledge and development. Pure honey in the market comes from managed beekeeping, 
honey hunting from wild living and Bee maintaining [1] [13] [15]. Awareness of its myriad benefits, the 
market demand in Indonesia is increasing. National honey production capacity is able to fulfill 66% of 
the national requirements [16] [17]. 
 
Some physical parameters have been used as standard criteria in determining honey quality. Some of 
which include: water content [18] [19], viscosity [15] [20] [21] [22], optical rotation [23] [24] [25], 
electrical conductivity [19] [26], density [27], colour intensity [12] [28] [29], refractive index [30], 
osmotic pressure [31] [32], crystallization [33] [34], and hygroscopicity, glass transition temperature, 
and surface stickiness [29]. The physical properties of honey, such as viscosity, has been widely reported 
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from different countries [19] [29] [35] [36] [37]. Viscosity determines how honey is received at the 
consumer level [30], processed, handled and stored [22] [30] [38].  
 
The viscosity of various types of honey from various countries has been widely reported [39]. However, 
there are limited publications from Indonesia, including the Sumbawa Regency. Reports on the viscosity 
of forest honey are limited to those from Kalimantan, West Sumatra, South Sulawesi, and Pekanbaru 
[15] [21]. As already established, Sumbawa is known for honey production nationwide [13]. Therefore, 
this study intends to fill the gap that occurs by determining the viscosity of Sumbawa honey as an effort 
to protect consumers from fraud efforts [22]. 
 
Sumbawa Honey 
Honey is a natural product in the form of thick liquid with a sweet, textured flavor [3] [12] [19] [40]. 
Some highly productive honey bee species are: Apis dorsata, Apis mellifera, Apis cerana [22] [35]. 
However, it comes from plant nectar, as a natural biological product [3].  
 
According to the Lewoyehu & Amar report [40], honey contains more than 300 chemicals, and its 
variation in compositions depends on many factors such as the plants the bees eat, geography, intensity 
of nectar flow, climatic conditions and honey handling, and packaging and storage activities [12] [41]. 
The main contents include carbohydrates, water and other small components [42]. Generally, fructose 
monosaccharaides are more dominant than glucose. However, some types have a higher glucose 
monosaccharide ratio than fructose [30]. In addition, sucrose is another constituent of carbohydrate; its 
thick nature has caused honey to have viscosity parameters. Sumbawa forest honey is produced by bees 
from the Apis dorsata species [13]. This type comes from poaching by local people in the forest, since 
it cannot be managed [1].  
 
Viscosity 
Viscosity is a quantity expressing the magnitude of internal friction in a fluid, as measured by the force 
per unit area resisting uniform flow [43]. In liquids, this friction is caused by inter-molecular attraction 
[27]. Various methods have been used to measure viscosity including: the ball falling, the fluid flow in 
capillary tubes, Diffusion-Ordered NMR Spectroscopy, the cone-and-plates, and the oscillation method 
[44] [45] [46] [47] [48]. The oscillation method utilizes ball motion with low speed in fluid. This 
situation gives rise to viscous friction and turbulent forces, which can be ignored due to low speed of 
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Where v, r, η and δ are velocity, radius, viscosity and depth of penetration, respectively. Based on 











Vertical spherical oscillations meet equation (3) and the solution is expressed by equation (4). When the 
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   and intercept 0 0lna A . The A0, A, φ 
are the initial displacement, the displacement at each time, and the initial angular frequency, 
respectively. Whereas n and T are the count vibration and the average period of one vibration. Based on 
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Empirically, the oscillation of the sphere in the tube affects the tube wall, and the measured viscosity of 
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Where D is the diameter of the tube. Measured and true viscosity errors in fluids are obtained from 
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 are errors for ball mass, slope, period of vibration, depth of 
penetration, ball diameter, viscosity, and tube diameter. 
 
Honey samples used in this research were obtained from one of the local forest hunters in the national 
market of Sumbawa Regency, Nusa Tenggara Barat, Indonesia. The sample measurements were made 
at temperature 23.3 ± 0.5oC. The experimental setup tools were shown in Figure 1. The ball mass (m) is 
0.15211 ± 0.00005 kg and diameter (d) of 0.01796 ± 0.00001 m. Diameter of tube (D) is 0.08024 ± 
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Fig 1. Setup ball oscillation experiments 
 
After setting up the device as shown in Figure 1, the ball oscillation inside the honey was recorded using 
a mobile phone camera. Furthermore, the video was analyzed using video analysis software, Tracker. 
 
The analysis technique used was linear regression. It was used to get the slope value from the graph that 
represented the value of the damping coefficient b. The measured viscosity value was determined using 
equation (6) for each concentration. Furthermore, viscosity was calculated using the equation (7), and 
was determined using extrapolation techniques. 
 
 
RESULTS AND DISCUSSIONS 
 
The experiment was done by observing the oscillation of submerged ball inside the honey. There are 
three honey concentration. They are 10%, 20% and 30%. The concentration number is the volume ratio 
between honey and water. By measuring the oscillation amplitude per cycle, we are able to calculate the 
viscosity of the honey. The Tracker software produces the data of oscillation amplitude. The amplitude 
is modified into the logarithmic value to create the linear fitting. Equation 5 requires the plot of 




Fig 2. Relationship of amplitude logarithm to count of vibrations at concentrations 10% 
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The graph of amplitude logarithmic versus number of oscillation for concentration of 10% is shown in 
Figure 2. By linear fitting, the slope is -0.0087. The slope is steeper as the concentration increased. The 
Figure 3 shows the amplitude logarithmic versus number of oscillation for concentration of 20%. The 




Fig 3. Relationship of amplitude logarithm to count of vibrations at concentrations 20% 
 
As we observed from the Figure 2, Figure 3, and Figure 4, the amplitude of oscillation is lower as the 
number of oscillation increased. This decay phenomenon is known as the damped oscillation. The 
damping process occurs due to the thickness of the honey. The harmonic motion is underdamped 
oscillation [51]. After analyzing with equation (5), the damping coefficient b was obtained at each 





Fig 4. Relationship of amplitude logarithm to count of vibrations at concentrations 30% 
 
In addition, Faxen correction factor of 0.55 was obtained from the experimental setup. Empirically, the 
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honey viscosity value, after correction of the wall effect, was obtained based on equation (7). All of 
these values were summarized in Table 1. 
 
Table 1. Viscosity and damping coefficient of Sumbawa honey solution 
Concentration 






10% 6.10 3.31 ± 0.20 1.83 ± 0.09 
20% 6.52 3.53 ± 0.23 1.95 ± 0.13 
30% 7.43 4.03 ± 0.16 2.22 ± 0.11 
 
Table 1 shows the damping coefficients of the solutions in range (6.10 – 7.43) × 10-3 kg/s. In addition, 
Table 1 implied that the increase in the viscosity value is directly proportional to the concentration of 
the Sumbawa honey solution. This phenomenon is consistent with the viscosity behavior of other types 
of honey reported in some previous literature [12] [30] [52]. Furthermore, a viscosity reduction of 
around 55% was seen after correction due to the wall effect. For example, at a concentration of 10%, it 
is equal to (3.31 ± 0.20) × 10-2 Pa.s and after correction is (1.83 ± 0.09) × 10-2 Pa.s. Therefore, correction 
value is required to get an accurate viscosity as a result of wall effect. Faxen correction factor needed to 
be taken into account because as long as the ball experienced oscillation, the driving force to move away 




Fig 5. Relationship of viscosity to the concentration of honey solution 
 
Figure 5 shows the correlation between viscosity and the concentration of honey solution. We can 
extrapolate the data in Figure 5 to determine the measured and actual viscosity for pure honey. Data 
extrapolation was carried out to confirm the value of the solution at concentrations of 0% and 100%. 
Water viscosity can be confirmed using Figure 5 by substituting a solution concentration of 0%. The 
measured water's viscosity was obtained at 2.90 × 10-2 Pa.s. The true value of water viscosity is 1.60 × 
10-2 Pa.s with a confidence level of 95%. The pure Sumbawa honey was determined by extrapolating 
and substituting a concentration value of 100%. The measured viscosity of pure Sumbawa honey was 
obtained for 3.369 Pa.s and the true value is 2.006 Pa.s. The viscosity value of the sample obtained was 
slightly different from the results of several studies. Kek, Chin, Yusof, Tan, and Chua obtained the 
viscosity of Tualang and Gelam honey from similar bee species by 0.76 Pa.s and 0.53 Pa.s at 25 oC [22]. 
Furthermore, Saxena, Panicker, and Gautam obtained viscosity of seven commercial Indian honey 
brands ranging from 2.3 Pa.s to 16.0 Pa.s at 25 oC [53]. The difference was reasonable because of some 
differences such as the source of nectar and the temperature of the solution sources of nectar caused 
differences in the content of polysaccharides, having the ability to produce anti-plasticizing effects. Its 
high content increased the strength of sugar-sugar hydrogen bonding between the oligosaccharides. 
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Therefore, high polysaccharide content increased viscosity [30] [39] [42]. The difference in value was 
also influenced by differences in the temperature of the sample. Higher sample temperatures have high 
thermal movements between molecules. The movement of these molecules resulted in a decreased 
intermolecular and hydrodynamic forces, thus facilitating the flow [42] [53] [54] , because the sample 
temperature in this research was lower, it was very logical to obtain a viscosity value slightly higher 
than some other research results. 
 
 
CONCLUSION AND SUGGESTION 
 
The determination of the viscosity value of Sumbawa honey has been carried out using the ball 
oscillation method with the weighted linear regression technique. The true viscosity of honey from 
Sumbawa is 2.006 Pa.s calculated through extrapolation techniques. The value of viscosity obtained is 
not the same due to differences in the source of nectar and the temperature of the sample used. However, 
the results show that there is a tendency for increased viscosity to the concentration of honey solution 
as the findings have been documented in various previous literatures. Therefore, the finding of the 
viscosity value is expected to be used as a reference for one of the physical parameters of Sumbawa 
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